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(57) ABSTRACT

A printhead device includes firing chambers, nozzles, and
shipping fluid. The shipping fluid includes a shipping fluid
density and a shipping fluid viscosity greater than a corre-
sponding ink density and ink viscosity of an ink that will be
¢jected from the firing chambers and through the nozzles.
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FORMING A PRINT BAR INCLUDING A MAIN FLUID
S510 CHANNEL AND AN INK PORT

FORMING A PLURALITY OF PRINTHEADS INCLUDING
S512 NOZZLES AND FIRING CHAMBERS

S514 COUPLING THE PRINTHEADS TO THE PRINT BAR

FILLING THE MAIN FLUID CHANNEL AND THE FIRING
CHAMBERS WITH A SHIPPING FLUID INCLUDING A
SHIPPING FLUID DENSITY, A SHIPPING FLUID
VISCOSITY, AND A SHIPPING FLUID SURFACE
TENSION GREATER THAN A CORRESPONDING INK
DENSITY, INK VISCOSITY, AND INK SURFACE TENSION
OF AN INK THAT WILL BE EJECTED FROM THE FIRING
CHAMBERS AND THROUGH THE NOZZLES

5516

FIG. 5



US 10,583,660 B2

1

PRINTHEAD DEVICE INCLUDING
SHIPPING FLUID

BACKGROUND

Printing systems include printhead devices to eject ink
therefrom. The printhead devices may include inkjet print-
heads, page-wide printing arrays, and the like. The printhead
devices may be manufactured, stored, and shipped to cus-
tomers.

BRIEF DESCRIPTION OF THE DRAWINGS

The present embodiments will now be described, by way
of example, with reference to the accompanying drawings,
in which:

FIG. 1 1s a block diagram 1llustrating a printhead device
according to an example.

FI1G. 2 1s a perspective view 1llustrating a printhead device
according to an example.

FIGS. 3A-3B are schematic views 1llustrating the print-
head device of FIG. 2 according to examples.

FIG. 4 1s a schematic view of a printhead device accord-
ing to an example.

FIG. § 1s a flowchart 1llustrating a method of fabricating
a printhead device according to an example.

DETAILED DESCRIPTION

Printing systems include printhead devices to provide ink
to media to form printed 1mages. Printing devices may
include removable inkjet printheads, page-wide printing
arrays such as printheads coupled to print bars, and the like.
Printing devices may be subjected to unwanted, vibration-
induced, air ingestion and/or pigment settling defects during
shipping and/or storage. Accordingly, unwanted air inges-
tion; intermixing between shipping fluid and 1nk; and pig-
ment settling may result 1n printhead device defects.

In examples, a printhead device includes a plurality of
firing chambers, a plurality of nozzles in fluid communica-
tion with the plurality of firing chambers, respectively, and
a shipping fluid disposed throughout the printhead device
including the plurality of firing chambers. The shipping fluid
includes a shipping fluid density and a shipping fluid vis-
cosity greater than a corresponding ink density and ink
viscosity of an ink that will be ejected from the firing
chambers and through the nozzles. For example, a ratio of
the shipping fluid density to the ink density may be at least
1.009. Further, the shipping tluid viscosity 1s greater than the
ink viscosity to enable the use of lower density shipping
fluids to 1ncrease potential formulation options.

Thus, unwanted, vibration-induced, air ingestion and/or
pigment settling defects during shipping and/or storage 1s
reduced due to the shipping fluid density being greater than
the 1nk density and the shipping fluid viscosity being greater
than the 1ink viscosity. Also, the ink 1s positioned (e.g., floats)
on top of the shipping fluid to reduce unwanted intermixing
of the shipping flid and ink, when the ink 1s supplied to the
printhead device. Further, the clogging of the printhead
device due to pigment settling 1s reduced. Thus, printhead
device defects are reduced.

FIG. 1 15 a block diagram 1llustrating a printhead device
according to an example. Referring to FIG. 1, in some
examples, the printhead device 100 includes a plurality of
firing chambers 10, a plurality of nozzles 11, and a shipping
fluid 12. The firing chambers 10 are 1n fluid communication
with the nozzles 11, respectively. The shipping fluid 12 1s
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2

disposed within the plurality of firing chambers 10. The
shipping fluid 12 includes a shipping fluid density 12a and
a shipping fluid viscosity 126 greater than a corresponding
ink density and ink viscosity of an ik that will be ejected
from the firing chambers 10 and through the nozzles 11

In some examples, the manufacturing of the printhead
device 100 includes filling 1t with shipping fluid 12. Thus,
the shipping fluid 12 will remain inside the printhead device
100 during the storage and shipment thereof. Subsequently,
ink 1s supplied to the printhead device 100, for example,
from a removable 1nk supply to enable the printhead device
100 to form printed 1images on objects such as media. The
mixing of the shipping fluid and the ink within the printhead
device 100, and the ingestion of unwanted air into the
printhead device 10 i1s reduced due to the shipping fluid
density 12a being greater than the ink density and the
shipping fluid viscosity 125 being greater than the ink
V1SCOSsity.

FIG. 2 1s a perspective view illustrating a printhead device
according to an example. FIGS. 3A and 3B are schematic
views 1llustrating the printhead device of FIG. 2 according
to examples. Referring to FIGS. 2-3B, in some examples,
the printhead device 200 may include a page-wide inkjet
printing array. That 1s, the printhead device 200 may include
a print bar 21 and a plurality of printheads 22 coupled to the
print bar 21. In some examples, the print bar 21 includes an
inlet port 37 and a main fluid channel 38. The inlet port 37
receives 1nk from a removable ik supply (not illustrated)
such as a removable ink container. The main fluid channel 38
provides the ink received from the removable ink supply
through the inlet port 37 to the printheads 22 coupled to the
print bar 21.

Referring to FIGS. 2-3B, in some examples, the printhead
22 1ncludes the plurality of firing chambers 10, the plurality
of nozzles 11, and the shipping fluid 12 as previously
discussed with respect to the printhead device 100 of FIG.
1. In some examples, the printhead 22 also includes a
printhead substrate 32a, a chamber layer 33, firing chambers
10, and a nozzle layer 35. In some examples, the chamber
layer 33 forms side walls of the respective firing chambers
10. Further, the printhead substrate 32a and nozzle layer 35
form the bottom and top of the firing chamber 10, respec-
tively.

Referring to FIGS. 2-3B, 1n some examples, a respective
firing chamber 10 1ncludes a thermal resistor 36. The ther-
mal resistor 36 rapidly heats a fluid such as ink above its
boiling point causing vaporization of the fluid resulting in
¢jection of a fluid drop. That i1s, the thermal resistor 36
generates a force utilized to eject essentially a fluid drop of
the fluid stored 1n the firing chamber 10. Thus, activation of
the respective thermal resistor 36 1n response to a firing
signal results 1n the ejection of a precise quantity of fluid 1n
the form of a fluid drop. The nozzle layer 35 includes a
plurality of nozzles 11.

Retferring to FIGS. 2-3B, in some examples, the print bar
21 includes an 1inlet port 37, a main fluid channel 38, and a
print bar substrate 326. The print bar substrate 3256 1includes
a plurality of inlet passages 32¢ to fluidically couple the
respective firing chambers 10 with the main fluid channel
38. In some examples, the printhead substrate 32a may
include integrated circuitry and be mounted to the print bar
substrate 32b.

In some examples, the shipping flud 12 1s stored 1n the
print bar 21 and the printheads 22. For example, the shipping
fluid 12 may be placed 1in the main flmmd channel 38, the
firing chambers 10, and/or the nozzles 11. In some examples,
the shipping tluid 12 includes water and chemical compo-
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nents. The chemical components are included to achieve the
desired properties of the shipping tfluid 12 such as a respec-
tive shipping fluid density 12a, a shipping fluid viscosity
126, and a shipping fluid surface tension, while being
compatible with the ink and jettable from the printhead with
minimum nozzle health 1ssues.

For example, the shipping fluid 12 may include 20-60%
co-solvents, biocides, relatively small amounts of buflers,
and other additives, colorants, and the a remainder of water.
Further, the shipping fluid 12 may include 1-10% 2-Pyrro-
lidinone, 10-50% Trimethylolpropane, and 1-10% Triethyl-
eneglycol as the co-solvents, 0.1-1% buflers, 0.01-0.5%
biocides, and 0.1-3% of dyes as colorants. Still yet, the
shipping fluid 12 may include 5% 2-Pyrrolidinone, 35%
Trimethylolpropane, and 5% Triethyleneglycol as the cosol-
vents, 0.5% 2-Amino-2-methyl-1,3-Propanediol as the bui-
fer, 0.20% Acticide B20 and 0.07% Acticide M20 as bio-
cides, and 1.1% Direct Blue 199-Na as the dye colorant, and
the like.

In some examples, the properties of the shipping fluid 12
include a shipping fluid density 12a being greater than the
ink density, a shipping fluid viscosity 126 being greater than
the 1k viscosity, and a shipping tluid surface tension being,
greater than the 1nk surface tension. Thus, unwanted, vibra-
tion-induced, air ingestion; pigment settling; and intermix-
ing of the shipping fluid 12 and ink are reduced. Accord-
ingly, printhead device defects are reduced.

Referring to FIG. 3B, 1n some examples, ink 39 1s added
to the printhead device 200, for example, through a remov-
able 1k supply (not 1illustrated). When the ink 1s mitially
introduced therein, the 1nk 39 and the shipping fluid 12 are
stored 1n the printhead device 200. The ik 39, however,
having a lower ink density than the shipping fluid density
12a and a lower ink wviscosity than the shipping fluid
viscosity 126 enables the ik 39 to float on top of the
shipping fluid 12. Thus, unwanted intermixing of the ship-
ping tluid 12 and the 1nk 39 1s reduced. In some examples,
the shipping flmd density 1s greater than 1.06 grams per
milliliter, the shipping fluid viscosity 1s greater than 3.5
centipoise, and the shipping fluid surface tension 1s greater
than 42 dynes per centimeter. Further, in some examples, a
rat10 of the shipping fluid density to the ink density 1s at least
1.009.

FIG. 4 1s a schematic view 1llustrating a printhead device
according to an example. Referring to FIG. 4, in some
examples, the printing device 400 includes the plurality of
firing chambers 10, a plurality of nozzles 11, and a shipping
fluid 12 as previously discussed with respect to the printhead
device 100 of FIG. 1. In some examples, the printhead
device 400 includes a pen body 41, a substrate 42, a chamber
layer 43, a plurality of firing chambers 10, and a nozzle layer
35. The pen body 41 includes a fluid reservoir 48. The pen
body 41 includes an nlet port 47 to recerve 1k from an 1nk
supply (not illustrated) such as a removable 1ink container.
The 1nk 1n the fluid reservoir 48 1s subsequently provided to
a firing chamber 10. In some examples, the chamber layer 43
forms side walls of the respective firing chambers 10.
Further, the substrate 42 and nozzle layer 35 form the bottom
and top of the firing chamber 10, respectively. The substrate
42 includes a plurality of inlet passages 42a 1n fluid com-
munication with the firing chambers 10. Each firing chamber
10 may include a thermal resistor 36.

The thermal resistor 46 rapidly heats a component in the
fluid such as 1k above 1ts boiling point causing vaporization
of the fluid resulting 1n ejection of a flmd drop. That 1s, the
thermal resistor 48 generates a force utilized to eject essen-
tially a flmd drop of fluid held 1in the respective firing
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chamber 10. Thus, activation of the respective thermal
resistor 36 in response to a firing signal results 1n the ejection
of a precise quantity of fluid 1n the form of a fluid drop. The
fluid reservoir 48 1s flmdically coupled to the firing cham-
bers 10 via the corresponding inlet passages 42a. The nozzle
layer 35 includes a plurality of nozzles 11.

In some examples, the shipping flud 12 1s stored 1n the
printing device 400. For example, the shupping fluid 12 may
be placed in the fluid reservoir 48, the firing chambers 10,
and/or the nozzles 12. In some examples, the shipping tluid
12 may be placed 1n each one of the fluid reservoir 48, the
firtng chambers 10, and/or the nozzles 12. In some
examples, the shipping fluid 12 1s stored in the print bar 21
and the printheads 22. For example, the shipping fluid 12
may be placed 1n the fluid reservoir 48, the firing chambers
10, and/or the nozzles 12. In some examples, the shipping
fluud 12 1includes water and chemical components. The
chemical components are included to achieve the desired
propertles of the shipping fluid 12 such as a respective
shipping fluid density, a shipping fluid viscosity, and a
shipping tluid surface tension, while being compatible with
the 1nk.

For example, the shipping fluid 12 may include 20-60%
co-solvents, biocides, relatively small amounts of buflers,
and other additives, colorants, and the remainder water.
Further, the shipping fluid 12 may include 1-10% 2-Pyrro-
lidinone, 10-50% Trimethylolpropane, and 1-10% Triethyl-
eneglycol as the co-solvents, 0.1-1% buflers, 0.01-0.5%
biocides, and 0.1-3% of dyes as colorants. Still yet, the
shipping fluid 12 may include 3% 2-Pyrrolidinone, 35%
Trimethylolpropane, and 3% Triethyleneglycol as the cosol-
vents, 0.5% 2-Amino-2-methyl-1,3-Propanediol as the bui-
fer, 0.20% Acticide B20 and 0.07% Acticide M20 as bio-
cides, and 1.1% Direct Blue 199-Na as the dye colorant, and
the like.

In some examples, the properties of the shipping fluid 12
include a shipping flmd density being greater than the ink
density, a shipping fluid viscosity being greater than the 1nk
viscosity, and a shipping fluid surface tension being greater
than the ik surface tension.

FIG. 5 1s a flowchart of a method of fabricating a
printhead device according to an example. The method 1s
associated with examples of the printhead devices 100, 200,
and 400 1llustrated 1n FIGS. 1-4 and the related description
above. In block S510, a print bar 1s formed 1including a main
fluid channel and an 1nk inlet. In block S512, a plurality of
printheads including nozzles, firing chambers, and nozzles
are formed. In block S514, the printheads are coupled to the
print bar. In block S516, the main tluid channel and the firing
chambers are filled with a shipping fluid including a ship-
ping fluid density, a shipping fluid viscosity, and a shipping
fluid surface tension greater than a corresponding ink den-
sity, 1nk viscosity, and ink surface tension of an 1nk that will
be ejected from the firing chambers and through the nozzles.

In some examples, the method also includes filling the
nozzles with the shipping fluid. In some examples, the
shipping fluid density 1s greater than 1.06 grams per milli-
liter, the shipping fluid viscosity 1s greater than 3.5 centi-
poise, and the shipping fluid surface tension 1s greater than
42 dynes per centimeter. The shipping fluid may include
water and a plurality of chemical components to achieve the
shipping fluid density being greater than 1.06 grams per
milliliter, the shipping tluid viscosity being greater than 3.5
centipoise, and the shipping fluid surface tension being

greater than 42 dynes per centimeter. In some examples, a
ratio of the shipping tluid density to the ink density 1s at least
1.009.
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It 1s to be understood that the flowchart of FIG. 5
illustrates architecture, functionality, and/or operation of
examples of the present disclosure. If embodied 1n software,
cach block may represent a module, segment, or portion of
code that includes one or more executable instructions to
implement the specified logical function(s). I embodied 1n
hardware, each block may represent a circuit or a number of
interconnected circuits to implement the specified logical
tunction(s). Although the flowchart of FIG. 5 illustrates a
specific order of execution, the order of execution may differ
from that which 1s depicted. For example, the order of
execution of two or more blocks may be rearranged relative
to the order 1llustrated. Also, two or more blocks illustrated
in succession i FIG. 5 may be executed concurrently or
with partial concurrence. All such variations are within the
scope of the present disclosure.

The present disclosure has been described using non-
limiting detailed descriptions of examples thereof that are
not intended to limit the scope of the general imventive
concept. It should be understood that features and/or opera-
tions described with respect to one example may be used
with other examples and that not all examples have all of the
teatures and/or operations illustrated in a particular figure or
described with respect to one of the examples. Variations of
examples described will occur to persons of the art. Fur-
thermore, the terms “comprise,” “include,” “have” and their
conjugates, shall mean, when used 1n the disclosure and/or
claims, “including but not necessarily limited to.”

It 1s noted that some of the above described examples may
include structure, acts or details of structures and acts that
may not be essential to the general inventive concept and
which are described for 1llustrative purposes. Structure and
acts described herein are replaceable by equivalents, which
perform the same function, even if the structure or acts are
different, as known 1n the art. Therefore, the scope of the
general mventive concept 1s limited only by the elements
and limitations as used in the claims.

What 1s claimed 1s:

1. A printhead device comprising:

a print bar to span the width of a print substrate;

a plurality of printheads coupled to the print bar, wherein

the plurality of printheads comprises a plurality of

finng chambers and a plurality of nozzles 1n tluid
communication with the plurality of firing chambers;
and
a shipping flmd disposed within the plurality of firing
chambers, the shipping fluid including a shipping fluid
density and a shipping fluid viscosity greater than a
corresponding ink density and ink viscosity of an ink
that will be ejected from the finng chambers and
through the nozzles.
2. The printhead device of claim 1, wherein the shipping
fluid density 1s greater than 1.06 grams per milliliter (g/mlL)
and the shipping tluid viscosity 1s greater than 3.5 centipoise

(cP).
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3. The printhead device of claim 1, wherein a ratio of the
shipping fluid density to the ink density 1s at least 1.009.

4. The printhead device of claim 1, wherein the shipping
fluid further comprises:

a shipping fluid surface tension greater than a correspond-
ing 1k surface tension of an ink that will be ejected
from the firing chambers and through the nozzles.

5. The printhead device of claim 1, wherein the shipping
fluid density 1s greater than 1.06 grams per milliliter, the
shipping tluid viscosity 1s greater than 3.5 centipoise, and a
shipping fluid surface tension 1s greater than 42 dynes per
centimeter.

6. The printhead device of claim 1, wherein the shipping
fluid comprises:

water; and

a plurality of chemical components to achieve the ship-
ping fluid density greater than 1.06 grams per milliliter,
the shipping fluid viscosity greater than 3.5 centipoise,
and the shipping fluid surface tension greater than 42
dynes per centimeter.

7. The printhead device of claim 1, w herein the shipping
fluid 1s disposed within the nozzles.

8. The printhead device of claim 1, wherein each one of
the finng chambers further comprises:

a thermal resistor to selectively heat up 1n response to
receiving a respective firing signal.

9. The printhead device of claim 1, wherein the print bar
comprises a main fluid channel, and the plurality of print-
heads are 1n fluid communication with the main fluid chan-
nel.

10. The printhead device of claim 9, wherein the shipping
fluid 1s disposed within the main fluid channel.

11. The printhead device of claim 1, wherein the shipping
fluid comprises water.

12. The printhead device of claim 1, wherein the shipping
fluid comprises 20-60% co-solvents.

13. The printhead device of claim 1, wherein the shipping
fluid comprises a biocide.

14. The printhead device of claim 1, wherein the shipping
fluid comprises:

1-10% 2-Pyrrolidinone,
10-50% Trimethylolpropane, and
1-10% ‘Trimethylolpropane.

15. The printhead device of claim 1, wherein the shipping
fluid comprises:

5% 2-Pyrrolidinone,

35% Trimethylolpropane, and

3% Trnethyleneglycol,

0.5% 2-Amino-2-methyl-1,3-Propanediol,
a biocide, and

a dye colorant.
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